Introduction {#Sec1}
============

Human coronaviruses (HCoVs) were first identified in the 1960s. Many HCoVs have been identified since then, including those that cause severe acute respiratory syndrome (SARS) and the Middle East respiratory syndrome \[[@CR1]\], two conditions that cause fatal respiratory diseases in humans after infection. Coronaviruses (Coves) of the Coronaviridae family, are enveloped viruses with a single-strand, positive-sense RNA genome, having the largest known RNA virus genome \[[@CR1], [@CR2]\]. In humans, CoV infections mainly involve the upper respiratory and gastrointestinal tracts, causing various symptoms ranging from a mild self-limited disease such as common cold to the more severe manifestations such as bronchitis and pneumonia \[[@CR3]\]. In 1965, the first human coronavirus (HCV) was isolated from the nasal discharge of common cold patients \[[@CR4]\]. Infected patients with the novel coronavirus 2019 (COVID-19) demonstrated clinical manifestations with extreme pneumonia and increased mortality rates. Currently, there is no definite and/or effective treatment for COVID-19 \[[@CR5]\]. Sun et al. in their latest publication expressed the possible interaction of COVID-19 and ACE2 which may result in the degradation of ACE2, and the blockage of the pathway to the receptor by ACE2/Ang (1--7)/Mas receptor \[[@CR6]\]. The angiotensin-converting enzyme inhibitors have been proposed as probable beneficial treatments for COVID-19, insinuating the RAS system as an important target for the treatment of lung diseases \[[@CR5]\].

Comparing the occurrence of the disease in different geographical areas having genetically diverse ethnicities, can provide a scientific foundation for future researches to implement protocols on COVID-19 treatment, considering the quick advent of the coronavirus disease and the current data shortfall on the virus pathophysiology.

Methods {#Sec2}
=======

COVID-19 data {#Sec3}
-------------

The event rate for the number of positive cases of coronavirus and its associated death rates for each country was extracted from the WHO website. The inclusion criteria for the countries were as follows: (a) at least 14 days incubation time-lapse from first detected COVID-19 case in the country, (b) more than 1000 detected cases of COVID-19, and (c) availability of studies reporting I/D polymorphism in the country.

ACE polymorphism data {#Sec4}
---------------------

To evaluate the coronavirus prevalence based on its association with the renin--angiotensin system, studies reporting the prevalence of ACE I/D polymorphism in each country were collected to estimate the pooled I/D ratio, considering the Systematic Studies and Meta-Analysis Reporting System (PRISMA) statement. To select the studies reporting ACE I/D polymorphism prevalence, ISI, PubMed, Scopus, and Google Scholar databases were searched with keywords such as ACE gene, Polymorphism, I/D, and the name of each country from the year 1990 to 2020. Three researchers simultaneously searched for the published articles. If previous meta-analyses were available in any particular country, the same study was referred to. In the first step, 1399 studies were evaluated based on their titles and after excluding 84 duplicated studies, 154 studies were also excluded due to their irrelevance. In the full-text review of the selected articles, 431 were excluded as a result of the study having been conducted either in a false study region, or not having healthy controls, or not reporting I/D polymorphism. The main inclusion criterion was, providing the general prevalence of ACE I/D polymorphism in the healthy population. Finally, 116 articles were used for data extraction. The dataset of I and D allele frequency in the healthy control group of each study was extracted. Data were analyzed based on the random-effects model using the Comprehensive Meta-Analysis software version 2. *I*^2^ indices were used to determine the heterogeneity between studies. As the *I*^2^ index of pooled I/D allele frequency ratio was 99%, random-effects models were used. The inverse method was also applied to estimate the variance and weight for each study. The bias of publication was assessed by Egger's regression intercept.

Results {#Sec5}
=======

To assess the pooled I/D allele frequency (Figs. [1](#Fig1){ref-type="fig"} and [2](#Fig2){ref-type="fig"}) ratio in each country, 116 studies (reporting the (I/D) polymorphism genotypes in healthy controls) were included in the study. The last update of the 2nd April 2020 statistics of the World Health Organization was extracted based on each country's total positive cases, total deaths, and total recovered patients.Fig. 1The Forrest plot of the pooled analysis of I/D polymorphism ratio. Columns on left are log-transferred values of I/D allele frequency ratio, recovery, and death rate. The point estimate of the I/D allele frequency ratio is shown at the right side in the forest plotFig. 2Meta-regression of I/D allele frequency ratio vs. recovery rate

Meta-regression of moderator variables of the total death rate and the total recovered rate vs the point estimate of the I/D allele frequency ratio were provided as shown in Table [1](#Tab1){ref-type="table"}. The dataset of all included studies are available in supplementary Table [S1](#MOESM1){ref-type="media"}.Table 1Included countries characteristicsDDI/DIID allele frequencyI allele frequencyDeath%^a^Recovery%^a^Australia134216944842820.5210.93Austria6191108524234615721.4617.6Belgium10742030876417826286.8217.13Brazil513320135604.171.54Canada85149653191951.4716.85China115412281382353641464.0793.81Czech1162251024573061.31.76Denmark4143421251263.731.75Finland495214150421.2418.58France470736293167687911.0123.7Germany134525811121527133631.3727.35Greece106134443461323.663.78India13031621461086422.87.48Iran759629246876.1933.72Ireland1224748212.810.12Israel9502868840.574.81Italy118513586083728182412.2516.49Japan681851263213782.4119.64Korea2562942358067051.7359.84Mexico407928159843.3141.92Netherlands170530561349646640479.461.59Norway2083781837945491.080.6port394516123482.490.69Russia126125693772070.826.77Serbia307226132782.642.85South-Africa46158962502880.66.31Spain63076726820278049.2925.92Turkey2383031317793932.032.31UK2896524124291103372879.450.35USA13312145844480725322.564.51^a^Based on WHO situation dashboard, available at <https://www.who.int/redirect-pages/page/novel-coronavirus>-(COVID-19)-situation-dashboard and World Meter webpage (<https://www.worldometers.info/coronavirus/>) on 2 April 2020

The results of the meta-analysis of the pooled I/D allele frequency ratio of included studies are shown in Table [1](#Tab1){ref-type="table"}. The point estimate of ratio was 0.403 (CI 95%: 0.398--0.409). In all countries, the I/D allele frequency ratio was below 1 except in South-Africa, China, Japan, Israel, and Denmark, where the value was above 1. The average I/D allele ratio in Europe was 0.55, while it was 0.93 in the whole of Asia. No evidence of bias in the publication has been found in the overall analysis (Egger's *p* value = 0.281).

The results of the meta-regression are shown in Figs. [2](#Fig2){ref-type="fig"} and [3](#Fig3){ref-type="fig"}. With the increase of the I/D allele ratio in the studied countries, the recovery rate significantly increased (point estimate: 0.48, CI 95%: 0.05--0.91, *p* = 0.027). Meanwhile, there was no significant difference in the case of death rate (point estimate: −1.74, CI 95%: −4.5 to 1.04, *p* = 0.220).Fig. 3Meta-regression of I/D allele frequency ratio vs. death rate

Discussion {#Sec6}
==========

Our current knowledge of the new COVID-19 is rapidly being augmented. Researchers around the world are looking forward to understanding the pathogenesis of the disease.

Our study revealed a possible relationship between ACE I/D allele frequency and the COVID-19 recovery rate. Also, this study showed that the ACE I/D allele ratio is very diverse worldwide. East Asian countries such as China and Japan all had a ratio of more than 1, showing a higher rate of I allele frequency. In East Asia, there appeared to be more I-alleles than D in the population genome of the people. However, South Korea has an allele ratio of 0.87, which is still much higher than in European countries. These findings are consistent with studies of ACE I/D genetic mapping.

Similar to our report, Saab et al. examined the average ACE II genotype frequency in healthy subjects in different populations of different countries \[[@CR6]\]. They disclosed that ACE I allele and genotype frequencies show an association with longitude. A regional analysis perpetrated a strong correlation between II genotype frequency and longitude, indicated by a decrease in the II frequency from Europe toward the Middle East, and an alternate east-bound rise toward Asia. Summarily, the average frequency of the II genotype in the north of Europe and Denmark was 23%, while the UK and Spain recorded 20% and 15%, whereas northern and southern Italy registered 14% and 12%, with China and Japan averaging 35% and 45% respectively \[[@CR6]\]. Also, this finding was confirmed in our study, as Denmark had an ACE I/D ratio of 1.01, which was higher than in other European countries. The interesting finding of Saab et al.'s study about the lowest II genotypes of Europe in Italy, makes us think about a possible role of genetic factors and the tragedy of the COVID-19 outbreak in Italy with a high case-fatality rate \[[@CR7]\]. European countries like Italy, Spain, and the UK have been widely affected by COVID-19. It is well known that ACE I allele frequency in Europe is lower than in East Asia as seen in our study, which indicated the average ACE I/D allele ratio in Europe as 0.55, while it was 0.93 in the whole of Asia. This finding confirms the results of Wang et al.'s study as they estimated the average ACE insertion frequency in East Asia to be 0.63 and 0.43 in Europe \[[@CR8]\].

The diversity in the mode of disease dissemination in different regions can be attributed to a large number of genetic and environmental influences, and this has led researchers to investigate the possible interconnection between environmental influences such as weather with the COVID-19 pandemic \[[@CR9]\]. Noteworthy is the fact that, whereas the synthetic temperature factor has been positively associated with D allele, synthetic humidity factor, and D allele are negatively linked in terms of global regional spread, and interdependence between these two factors and the D allele assumes an out of Africa expansion pattern in space \[[@CR10]\]. Per our results regarding the ACE I/D ratio, Li et al. had shown that the highest frequency of D allele appears in Africa, Europe, America, and the Arab regions, whereas the lowest frequency is located in East Asia. Based on their study USA is located in a relative high frequency of D allele \[[@CR10]\] which was confirmed by our study and this high D allele frequency may be associated with bad outcomes of COVID-19 in this country.

Researchers have suggested that the virus binds to the ACE2 receptor on the surface of human cells through its envelope spike glycoprotein and enters the cell \[[@CR11]\]. On the other hand, in the study of Monteil et al. it was found that human recombinant soluble ACE2 could block SARS-CoV-2 cell attachment \[[@CR12]\]. A comprehensive review by Fan et al. underscored the close relationship between ACE2 and ACE through which ACE2 regulates RAS, exhibiting a greater than 40% identity with the somatic ACE catalytic domain \[[@CR13]\]. Still in the perspective of ACE, Cao et al. evaluated the allele frequency of 62 variants in the coding regions of ACE2 in different populations. Despite demonstrating the predisposition of the ACE2 gene polymorphism in different populations worldwide, they, however, could not pinpoint any specific evidence to confirm the presence of the ACE2 binding-resistant coronavirus S-protein mutants in various populations \[[@CR14]\]. Also, not all lung tissue cells expressed ACE2 and its expression was concentrated in some type II alveolar cells \[[@CR15]\]. Cao et al. found specific polymorphisms associated with higher ACE2 expression in the East Asian population \[[@CR14]\]. In our study, the highest I/D allele ratio was seen in China and Japan, in East Asia. This similarity reinforces the idea of the population's difference in the RAS system that may predispose them to a divergent susceptibility to the disease.

While the genetic predisposition of the ACE genes in COVID-19 patients has not yet been examined, the relationship between other respiratory diseases and the ACE genotype has been investigated in various studies. In one study that investigated the relationship between the ACE genotype and the occurrence of acute respiratory distress syndrome, it was found that the frequency of DD genotype of patients was significantly higher than that of healthy controls \[[@CR16]\]. This conforms with our finding which demonstrates that, with the increase of the I/D allele ratio (I allele increases or D allele decreases), the recovery rate increases. Hence, it is not surprising to see a higher recovery rate in East Asian countries such as Japan (point estimate: 1.18, CI 95%: 1.06 to 1.3), China (point estimate: 1.17, CI 95%: 1.14 to 1.21), and S. Korea (point estimate: 0.87, CI 95%: 0.81--0.94), *P* = 0.0001, due to the high I/D allele ratio in the population. As expected, the worst-hit European countries like Spain (point estimate: 0.4, CI 95%: 0.37--0.42), Italy (point estimate: 0.49, CI 95%: 0.47--0.51), and UK (point estimate: 0.66, CI 95%: 0.65 to 0.68), *P* = 0.0001, all have low I/D allele ratio from the Forest Plot analysis. Also in another study, the researchers found that the D allele had a role in the progression of noninfectious pulmonary dysfunction \[[@CR17]\].

That notwithstanding, this study is restricted by the varied known and unknown factors affecting the global recovery and death rate of COVID-19 patients, including demographic characteristics such as patient's sex, age, underlying diseases, and the various approaches used to treat patients in the different regions. These data were not yet publicly available worldwide to be considered in our study. Besides, the utilization of official numbers of COVID-19 infected people are biased by the number of correct diagnoses that are carried out in each country, and this might consequently affect the recovery and death rates.

Conclusion {#Sec7}
==========

Despite the limitations cited above, our result demonstrating the positive correlation of the I/D ACE gene allele ratio with the recovery rate of Covid-19 patients presents a hypothesis worth considering for further studies. We suggest case-control studies to assess the role of the definitive ACE gene polymorphism on treatment outcomes. The importance of our finding is rooted in the possibility that these genetic variations may cause different responses to the COVID-19 treatments focusing on the RAS system components, which are currently being investigated in experimental studies.
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